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Abstract 
Natural gas is a relatively clean burning reliable source of energy as compared to other 
fossil fuels, and is used to heat millions of homes across Canada. In recent years the oil and gas 
industries have developed procedures for extraction of natural gas using unconventional methods 
that have resulted in proven vast reserves in Canada. These vast reserves are driving the cost of 
the energy source to record low prices. Choosing natural gas for space, water and process 
heating in the residential, commercial and industrial sectors can decrease the demand for 
electricity generation. This can improve the overall efficiency of energy utilization and reduce 
greenhouse gas emissions. (CAPP, 2012) 
With the reduced cost of this energy source coupled with recent technological 
improvements in the compression and transportation of natural gas, the ability to supply this 
abundant resource to remote small communities is becoming a reality. 
This project will consider existing technological methods of loading, transporting, and 
unloading methods for natural gas and determine the feasibility of supplying the product to the 
remote communities ofGranisle, Moricetown, and Hazelton in North West British Columbia as a 
competitive alternative to propane and oil as a source of home heating. 
Without a significant demand for energy and considering the cost of infrastructure and 
operations the option of supplying natural gas to a remote community is not viable. However, 
with the addition of a large industrial customer such as a mining operation the demand for the 
resource increases significantly thereby creating a viable project. 
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Glossary 
BCSA: British Columbia Safety Authority 
Btu: British thermal unit is a unit of energy equal to the amount of energy needed to heat one 
pound of water by one degree Fahrenheit. 
CAPP: Canadian Association of Petroleum 
CNG: Compressed natural gas is a fossil fuel substitute for gasoline (petrol), diesel, or 
propane/LPG. (Low Pressure Gas) 
C02: Carbon dioxide 
CSA: Canadian Standards Association 
Daughter Station: Daughter Stations are installed where a CNG fill station is desired but there 
is no natural gas pipeline. Natural gas is brought to the CNG station by mobile storage. A 
daughter station compressor quickly and efficiently moves the natural gas from mobile storage to 
ground storage 
De-canting Station: A station that receives compressed natural gas and reduces the pressure 
prior to allowing gas to flow into a distribution system 
Distribution System: Natural gas is transported through distribution lines or "mains" that range 
from 2 inches to more than 24 inches in diameter. Within each distribution system there are 
sections that operate at different pressures, with regulators controlling the pressure. Some 
regulators are remotely controlled by the utility to change pressures in parts of the system to 
optimize efficiency 
Dresser Coupling: A mechanical device used for joining two pipes together without the need for 
welding 
GHG: Green House Gas 
Gigajoules: A gigajoule (GJ) is a metric term used for measuring energy use. For example, 1 GJ 
is equivalent to the amount of energy available from either 26.1 m3 of natural gas, or 25.8 litres 
of heating oil 
IRR: Internal rate of return 
KWH: Kilowatt hour 
LPG: Low pressure gas 
VI 
M3 : Cubic meters 
MW: Megawatt 
NGL: Natural gas liquids 
PBM: Pacific Booker Minerals 
PNG: Pacific Northern Gas Ltd 
Propane Bullet: A propane storage container usually constructed of steel or reinforced 
fiberglass. The container is cylindrical with domed ends and varies in sizes from as little as 10 
gallons to greater than 1000 gallons 
PSI: Pounds per square inch 
PSIG: Pounds per square inch gauge 
Relights: The process of relighting pilot lights for natural gas appliances 
Scf: Standard cubic feet 
Scm: Standard cubic meters 
TDG Act: Transportation of dangerous goods act 
UN/TCIUS.DOT: United Nations, Transport Canada, and United States department of 
transportation codes 
W ACC: A calculation of a firm's cost of capital in which each source of capital is 
proportionately weighted. All capital sources - common stock, preferred stock, bonds and any 
other long-term debt- are included in a WACC calculation 
WC: Water Column- abbreviation is always in lower case, "we" 
Vll 
Acknowledgements 
Pacific Northern Gas (PNG) has been a great support in my endeavor to successfully 
complete the UNBC MBA program. I have great respect for PNG's commitment to professional 
growth and development of its employees. I also wish to thank each and every one of my co-
workers for their patience and cooperation over the last two years. 
I greatly appreciate the encouragement of my supervisor Dr. Elizabeth Croft. Elizabeth's 
guidance kept me motivated to complete this document. 
And most importantly I have little doubt that this paper and my journey through this 
MBA program would not have been possible without the continuous support of my darling wife 
Maude who is always there to encourage, love, and believe in my abilities to complete this 
journey. 
Vlll 
Chapter 1· 
Introduction 
Pacific Northern Gas Ltd ("PNG") delivers natural gas to customers in west-central 
British Columbia, and through its subsidiary Pacific Northern Gas (N.E.) Ltd. ("PNG (N.E.)"), to 
customers in the province's northeast. The PNG principal operating office is at 2900 Kerr Street, 
Terrace, British Columbia, V8G 4L9. PNG N.E. has its main operating offices at 1208- 102nd 
Avenue, Dawson Creek, British Columbia, VlG 2C4 and 10016- 104 Street, Fort St. John, 
British Columbia, VlJ 6Ll. 
PNG owns and operates a propane air plant in the community of Granisle in Northern 
British Columbia, including the underground pipeline distribution system that delivers propane 
to customers throughout the community. The communities ofMoricetown and the Hazelton's 
are located in the PNG service areas however; due to the distance from the gas transmission line 
it has not been economically feasible to build new pipe lines to service the towns. 
The purpose of this paper is to determine if it is economically feasible to convert the 
Granisle propane distribution system to natural gas, and construct new natural gas distribution 
systems for the communities ofMoricetown and New Hazelton. Natural gas would be delivered 
to the three individual communities utilizing CNG (compressed natural gas) technologies via 
road transport from existing PNG facilities. 
The process for delivery includes four key components; 
1. A mother station to compress gas from a gas supply pipeline for loading into a 
mobile storage transport trailer 
2. Road transport of fuel to the customer site. 
3. Off-loading and pressure reduction to the customer required supply pressure. 
4. Underground distribution system to deliver gas to individual customers. 
This paper will provide a breakdown of capital, operational and maintenance cost for 
converting the existing distribution system from propane to natural gas, and for the delivery 
system that includes CNG loading, transport and unloading facilities , as well as distribution 
systems. 
Literature Review 
In preparation for developing this paper several documents were reviewed in order to 
gain relevant information and practices for conducting a feasibility study. The following 
literature review will demonstrate best practices and limitations to support the format in which 
this feasibility study has been developed. 
The goal of a feasibility study is to assess the economic viability of a proposed project 
and must answer the question: "Does the proposed project make economic sense, and is it 
technically possible?" The study should provide a detailed analysis of the project opportunity, 
including a look at possible issues and competitors that may stand in the way of the projects 
success. The outcome of the feasibility study will indicate whether or not to proceed with the 
proposed project. Ifthe results of the feasibility study are positive then the company should 
proceed to developing a detailed business plan that would include front end engineering and 
design (University of Manitoba, 2013). 
It is commonplace in the industry for the term 'feasibility study' to be applied to a range 
of activities that include back of the envelope analyses, technology reviews, cash flow modelling 
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and detailed project assessments complete with supporting development plans. The ubiquitous 
'bankable ' studies exhibit an extraordinary range in the extent and depth of the analysis of 
envelopment issues- 'Bankable Feasibility Study' is perhaps one of the most abused and 
misleading phrases used in the industry (Cusworth, 2007). 
Once it has been determined that a study is required a company may decide to put 
together a team of their best engineers who can be assigned to this study as a special project. 
Only problem here is the best engineers are already busy doing what they do best. Also, every 
bank in the country will cry foul because your best engineers are biased and the results of their 
study subject to pressure from upper management and therefore suspect. If the company is 
reliant on outside financing for a project; it has been suggested that "You must use a third party 
to perform the feasibility study to have any chance of acceptance in the market place" (Vancas, 
2003). At the time of this study PNG did not require acceptance in the market place suggesting 
a third party feasibility study was not required. 
There are many types of feasibility studies to consider. For the purpose of this paper 
there are four that are applicable including schedule, operational, technical, and financial 
(Clifton, 1977). 
With schedule feasibility a project will fail if it takes too long to be completed before it is 
put into service. Typically this means estimating how long the system will take to develop and if 
it can be completed in a given time period using some methods like payback period. Schedule 
feasibility is a measure of how reasonable the project timetable is. Given our technical expertise, 
are the project deadlines reasonable? Some projects are initiated with specific deadlines. You 
need to determine whether the deadlines are mandatory or desirable. 
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Operational feasibility is a measure of how well a proposed system solves the problems 
and takes advantage of the opportunities identified during scope definition and how it satisfies 
the conditions identified in the requirements analysis phase of system development 
When using technology and system feasibility, the assessment is based on an outline design 
of system requirements to determine whether the company has the technical expertise to handle 
completion of the project. When writing a feasibility report, the following should be taken to 
consideration: 
• A brief description of the business to assess additional factors which could affect the 
study 
• The part of the business being examined 
• The human and economic factor 
• The possible solutions to the problems 
At this level, the concern is whether the proposal is both technically and legally feasible 
assuming moderate cost. 
When considering financial feasibility, i.e. In case of a new project, financial viability can be 
judged on the following parameters: 
• Total estimated cost of the project 
• Financing of the project in terms of its capital structure, debt equity ratio and the 
promoter's share of total cost 
• Existing investment by the promoter in any other business 
• Projected cash flow and profitability 
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The finaJ;Icial viability of a project should provide the following information: 
• Full details of the assets to be financed and how liquid those assets are 
• Rate of conversion to cash-liquidity, i.e. how easily can the various assets be converted to 
cash? 
• Project funding potential and repayment terms 
• Sensitivity in the repayments capability to the following factors: 
o Time delays 
o Mild slowing of sales 
o Acute reduction/slowing of sales 
o Small increase in cost 
o Large increase in cost 
o Adverse economic conditions 
If the results of the feasibility study are negative then it indicates there is not a sound 
business plan and the company should not invest any additional monies or resources pursuing the 
proposed project. It may be difficult to accept a feasibility study that shows negative results; 
however, it is certainly better to find out sooner rather than later when it is likely that more time 
and money would have been invested with no benefit. The feasibility study is important because 
it forces a project leader to place ideas on paper and to assess whether or not those ideas are 
realistic. The feasibility study also forces a project manager to begin formally evaluating which 
steps to take next. 
In 2012 Jenmar Concepts prepared a feasibility study, "Evaluation of Technical and 
Economic Parameters of Natural Gas Delivery Using Compressed Gas (CNG) Technologies 
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(Bowering, 2012)." This study contained five main components including a system overview, 
baseline operation assumptions, capital and operations cost breakdown, capital cost recovery and 
delivered fuel cost to a community. 
An additional relevant document is the Terasen Gas Whistler Inc. project that included 
the conversion of the village of Whistler from a propane distribution system to a natural gas 
system, and the construction of a new transmission pipe line beginning in Squamish, British 
Columbia and terminating in Whistler (Pellatt, 2006). The information considered for the 
purpose of this project is the conversion cost of the distribution system from propane to natural 
gas. This work was completed by dividing the community into sections and converting one 
section at a time with average conversion cost per customer equal to $1650.00. 
The combination of the information gathered from Jenmar Concepts and the Whistler 
conversion project were the primary resources considered in developing the format and content 
of this feasibility study. 
Methodology 
Much of the information required for the purpose of this feasibility study is readily 
available through the internet and through existing Pacific Northern Gas data bases. During the 
first phase of this project data will be collected from British Columbia Statistics and Statistics 
Canada to develop population estimates that will give an indication of the potential customer 
base throughout Granisle, New Hazelton and Moricetown. Under the direction of the employer, 
PNG, this report utilizes data collected from existing customers as well as data collected from 
potential customers that assist in estimated energy consumption for appliances used for home 
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heating, hot water heating, clothing washers and dryers and cooking. This information will aid 
in determining the overall energy demand of the communities. 
The second phase is to determine the design of the systems that will be used for 
extracting natural gas from existing PNG transmission facilities , transporting the natural gas via 
public highways through to the three communities and offloading the natural gas into distribution 
systems. The design will be determined using past work experience, input from PNG 
Engineering Department and data collected from a similar project being developed by Heritage 
Gas Nova Scotia, a PNG sister company. A cost summary will be developed to determine the 
overall construction, operating, and maintenance costs of a completed CNG delivery system. 
Taking into consideration construction cost, cost of capital and energy demand for the 
community, the delivered cost of natural gas over a defined period of time can be determined. If 
the delivered cost is less than the delivered cost of alternate energy sources then the Granisle 
Propane to Natural Gas conversion, as well as service to Moricetown and New Hazelton would 
be feasible. 
About Propane 
Propane is a versatile fuel that is highly portable, clean burning and non-toxic. In Canada 
supply is abundant and an expansive infrastructure exists to make it readily available. Propane 
is a by-product of natural gas processing and crude oil refining and it is extracted and used as a 
gas, but stored and transported as a liquid under pressure. 
Propane is often called a liquefied petroleum gas (LP Gas or LPG), a term widely used to 
describe a family of light hydrocarbons called natural gas liquids (NGL). At normal temperature 
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and pressure propane is a gas that changes to a liquid when cooled and pressurized - about twice 
the pressure in a normal truck tire. 
It is stored and transported in its compressed liquid form, but by opening a valve to 
release propane from a pressurized storage container, it is vaporized into a gas for use. Simply 
stated, propane is always a liquid until it is used. Even at freezing temperatures as low as -40 
degrees Celsius propane still vaporizes and can be used effectively. 
Here are some interesting propane facts (Association, 2011 ): 
• It is a three-carbon alkane- its molecular formula is C3H8 
• It is odourless so odorant has to be added to detect leaks 
• Liquid propane boils at -42.2 degrees Celsius 
• At one and a halftimes heavier than air, propane settles in low areas 
• In liquid form it weights half of the same volume of water 
• About 23 .5 cubic feet of air is needed to bum a cubic foot of propane 
• Combusted propane produces clean water vapor and carbon dioxide 
Existing Propane System Overview 
The Granisle underground propane distribution system consists of 5490 meters of gas 
main including approximately 600 meters of 4 inch, 750 meters of 3 inch and the remaining 4590 
meters a combination of2 inch or 1 ~inch diameter pipe. The gas mains (the main pipeline 
feeding the distribution pipelines) are made of steel with the exception of one 90 meter section of 
1 1/4 inch polyethylene (PE). The gas mains system was installed in 1972 and at the time dresser 
couplings were popular so one could expect that repair work will be required prior to 
pressurising the pipe lines for natural gas distribution. 
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There are approximately 220 services averaging 20 meters in length. Of the 220 services, 
165 have meters attached. Of the 160 meters, 151 are active, consuming customers. The 
remaining services are either locked or shut off at the owner's request. The total customer load 
from Dec 151 2011 through Dec 151 2012 was 8105 GJ's. 
A house to house survey would need to be completed to update the data in figure 1 to see 
who would require conversions immediately and who would be able to wait a few days to have 
the conversions done. With the economic development that is being considered on the two 
mines in the area, there is a good chance that we will see some of the customers come back on 
system in the near future, especially if the cost is reduced. An example is the local hotel recently 
had their gas service reactivated and they are busy doing renovations to open their doors to the 
public once again. 
Propane Delivery and Storage 
Propane is liquefied to make storage and transportation easy and efficient. One unit of 
propane in a liquid form has the same energy content as 270 units of propane in a gaseous form. 
If propane is left as a gas, the container to hold the fuel would be 270 times larger than what is 
required as a liquid. 
Propane is currently purchased from a supplier based out of Bums Lake, British 
Columbia who has the product delivered to their site, offloaded into temporary storage and then 
reloaded into a propane delivery truck that hauls the propane to Granisle. PNG is the owner of 
the offloading site in Granisle; however the propane supplier offloads the propane into a steel 
containment unit, a propane bullet. From there the propane is delivered through an underground 
pipeline distribution system to each ofthe (customers) with in the community. 
9 
Chapter 2 
About Natural Gas 
Natural gas is a naturally occurring hydrocarbon gas mixture consisting primarily of 
methane, with other hydrocarbons, carbon dioxide, nitrogen and hydrogen sulfide. Natural gas is 
an important energy source to provide heating and electricity. It is also used as fuel for vehicles 
and as a chemical feedstock in the manufacture of plastics and other commercially important 
organic chemicals. (Busby, 1999) 
Natural gas accounts for 37.7 per cent of Canada's primary energy supply, satisfies 30.6 
per cent of energy demand and makes up 42 per cent of Canada's energy exports. (Bundell, 
20 12). It is the single largest form of energy used in Canadian homes. Over six million 
homeowners use natural gas to heat their houses (Figure 1) and their water (Figure 2). Canadian 
homes also enjoy the benefits of increasingly efficient natural gas furnaces and appliances. 
Residential Space Heating by svst m vpe 
1' - Other ~Coal & Propane I 
2' . Wood 
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Ou•l Fuel System 
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Figure 1 -Canadian Residential Space Heating (Gas 2012) 
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Figure 2- Canadian Residential Water Heating (Gas 2012) 
Proposed Natural Gas System Overview 
Based on the assumption that the present propane vapor supply to the Granisle 
distribution system can be replaced with natural gas, the following approach to distribution 
system conversion can be considered; 
System Integrity 
A first step to conversion would be a determination of the present system ability to be 
upgraded to the new natural gas system pressure if required. Many natural gas systems operate 
at a lower pressure than the industry standard of 60 psi. Noting the age and condition of the 
present propane system piping, a lower system pressure should be considered. 
It is conceivable that the present system is sized to deliver the required load of natural gas 
using the present propane system operating pressure and as a result will not need to be pressure 
upgraded. The final natural gas pressure would be decided following a determination of the 
ability of the distribution piping to deliver the required load to the services at the present 
pressure. Example: Propane vapor (2500 btu/cu ft.) at 15-18 psi vs. natural gas (1000 btu/cu ft.) 
at the same pressure or higher as required. 
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A leak survey of the present distribution system should include test excavations to 
visually examine the pipe condition. In the event a leak is discovered during this process it would 
repaired immediately. 
Potential for leaks will be highest at: 
• System valves ( now seized-open and buried) 
• Buried mechanical couplings 
• Service tees and other fittings 
• Cathodic protection shorts 
System Conversion (Appliance Survey) 
In order to determine appliance conversion requirements for the existing customer 
appliances and to determine if the gas piping downstream of the meter is sized for the natural gas 
supply to the appliances, a survey is performed to record the customer appliance specifications. 
This can be compiled using a digital camera to record manufacturer make, model, serial number 
and the BTU rating from the appliance specification plate for all appliances at each Granisle 
customer location. This on-site survey can best be performed by a licensed gasfitter having 
propane to natural gas experience. 
An initial survey to estimate a "ballpark figure" could begin with a review of company 
customer appliance records and calculating the cost of an appliance burner-valve assembly for 
each type of unit. This very general estimate will give a basic materials cost to convert the 
appliance. Consideration should be given to liability issues involving conversion of older 
appliances and that it may be prudent to replace them over retrofitting them to current standards 
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for natural gas operation. Following are some of the broader categories that need to be factored 
m. 
• Audit of existing customer appliances and piping systems 
• Permitting thru the BCSA 
• Workforce planning 
• Conversion of appliances without a manufacturer's conversion kit 
• Conversion time per appliance estimates 
• Lack of support from manufacturer by appliance type i.e. hot water tanks 
• Obsolete appliances 
• Sourcing of conversion parts 
System Conversion (Meter sets) 
Residential meters 225 cu ft. /hr. or larger may have the capacity to carry the natural gas 
load for this system and would not require change-out. Older meters (smaller than 225 ' s that are 
designed for propane delivery) should be replaced. 
Based on the appliance survey and noting the age of the propane system, consideration 
should be given to replacing existing service pressure regulators set to the natural gas delivery 
pressure required for that service. Residential pressure regulators normally set at 11 inches we 
will be replaced with regulators set at 7 inches we if the residential pipe size is adequate or 
possibly a 2 lb. regulator designed to compensate for the smaller pipe size. This 2 lb. option will 
require an additional pressure regulator downstream of the meter and before the appliances. 
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Distribution Conversion 
The introduction of natural gas and the purging of the residual propane in the Granisle 
system would be performed with minimal customer inconvenience by first setting up the 
temporary CNG entry point at a place on a system main large enough to carry the entire NG load 
following conversion_ This temporary point will be permanently set up at the new CNG Station 
and the propane plant de-commissioned. The conversion is performed by sectionalizing the 
distribution system and converting one section at a time. 
Components are; 
• Project planning, procurement of resources and materials 
• Notification of effected customers 
• Set-up of the temporary CNG injection point 
• Isolation of first section, purging of propane and introduction of CNG 
• Simultaneous conversion of customers meter sets and appliances 
• Relights and monitoring of conversion 
• Prepare for next section connected to a previously converted section and continue 
with adjoining sections ending at the propane plant 
Following the conversion of the entire system the permanent CNG station is activated 
and the temporary CNG point terminated. 
About Compressed Natural Gas 
CNG is a fossil fuel substitute for gasoline petrol, diesel fuel, or propane. Although its 
combustion does produce greenhouse gases, it is a more environmentally clean alternative to 
those fuels as it produces much less carbon dioxide when consumed. CNG is much safer than 
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other fuels in the event of a spill as natural gas is lighter than air and disperses quickly when 
released. 
Mother Station 
Mother stations (figure 3) are used to fill large volumes of natural gas into the mobile 
storage CNG trailers. A mother station consists of natural gas compression and loading 
equipment to deliver a high pressure stream of natural gas to mobile storage equipment. A 
mother station is normally packaged complete on one skid (figure 4) and would be located at the 
PNG R4 Compressor Station site located in Telkwa, British Columbia. The gas available will be 
at a relatively high pressure of 1000 psig or greater. This high pressure will allow for a double 
stage, or possible a single stage compressor that substantially reduces the operational and capital 
cost. 
Figure 3 -Typical Mother Station Design (NGC Mother Station Design, 2012) 
The mother station will fill the mobile storage units, or tube trailers, up to a maximum 
pressure of 3600 psig that will be used for transportation of natural gas from Telkwa to Granisle, 
a site that does not have access to the PNG natural gas pipeline. Gas metering on the inlet to the 
mother station is recommended for accounting of the gas that is being extracted from the PNG 
transmission system. 
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Figure 4- Mother Station (CO.MET.crl, 2012) 
The design of CNG mother stations is not explicitly included in the scope (Section 1) of 
CSA Bl08-99 Natural Gas Fuelling Stations Installation Code. Clause 8 however addresses 
storage vessel dispatch and receiving briefly. In lieu of a specific design code governing mother 
stations, CSA B I 08-99 is expected to be the code of design for mother stations adopted by 
authorities having jurisdiction in Canada. The design of mother stations is a not strictly included 
in the scope of CSA B51 Part 3 "compressor natural gas and hydrogen refueling station pressure 
piping systems and ground storage vessels." It is expected that the authorities having jurisdiction 
will require compliance with this code section. 
Compressed Natural Gas Transportation 
Bulk CNG transport technology is not new, it is well proven that CNG has been 
successfully transported on land by road-trailer (trucking) for over thirty years (Thorn, 2010). 
For storage and transporting, the natural gas is compressed into special tanks known as 
tube trailers (figure 5) with pressures of2900 to 3600 psi. The natural gas capacity of a tube 
trailer in standard cubic feet (scf) or metres (scm) depends on the volume of the tube trailer, 
working pressure, temperature and composition of the natural gas. The trailers are mainly 
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cylindrical and vary in diameter and length and can be made of steel or lighter-weight composite 
materials. 
Cylinders used for road transport of gases must conform to Transport Canada (TC) and 
the Transportation of Dangerous Goods (TDG) Act. Cylinders conforming to TDG must be 
manufactured and approved in accordance with standards or processes for use in conjunction 
with TDG regulations. These standards set the requirements for manufacturing, inspection, 
testing, marking and requalification of conventional steel (Type 1) cylinders, spheres and tubes 
used for transporting gases and other dangerous goods (Canada G. o., 2005). 
Figure 5- CNG Tube Trailer (Building a Virtual Natural Gas Pipeline, 2012) 
De-Canting Station (Daughter Station) 
The de-canting station (Figure 6) is located near the end-user of the natural gas. This 
station must have at least two off-loading bays to allow a second full trailer to be dropped off 
before the first is empty. The trailer is connected to the station with a high pressure hose and 
nozzle and an operator opens a manual valve to let gas flow to the pressure reduction station. To 
prevent freezing known as the Joule Thompson Cooling effect due to the temperature drop 
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associated with decompression, the gas is preheated using a small gas-fired heat exchanger. The 
Station will be required to conform to all necessary codes, standards and regulations for British 
Columbia including the Oil and Gas Commission, Canadian Standards Association (Z662 and 
others) and the Safety Authority. Gas flow can be automatically monitored to ensure safety and a 
consistent supply of gas to the customer. These stations are smaller and less expensive than the 
Compression Station, and may even be relocated should a customer no longer require CNG 
delivery service. 
The de-canting station can be used to serve a single customer or a small local network of 
distribution pipelines. While the former may be easier to manage the timely delivery of CNG 
trailers, a small distribution network for Granisle, Moricetown and the Hazelton's could serve 
several lower consumption customers rather than just one large consumption customer. 
Figure 6- Daughter Station (CO.I.MET.crl, 2012) 
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Chapter 3 
Communities of Granisle, Moricetown, and Hazelton 
The community ofGranisle is located on Babine Lake, one ofthe world's largest natural 
lakes measuring over 180 km long. It is located north ofTopley, turning at the Hwy 118 
junction; it is a 49 km drive. New Hazelton is located 72.8 kilometers west of Smithers, and 
Moricetown is located 34 kilometers west of Smithers. Table 1 below contains population, 
residential buildings, and commercial building estimates. 
Gran isle Moricetown Hazelton's 
Population 364 397 920 
Residential 
Buildings 190 127 410 
Commercial 
Buildings 18 15 25 
Table 1: Population and Residential Buildings Data Gathered From BC Stats, 2006 
Figure 7 below shows Granisle relative to the existing PNG transmission pipe line. The 
transmission pipeline is 59 kilometers from Granisle with an estimated cost of 30 million dollars 
to construct a pipe line to the community. With a small current customer base of 151, the cost of 
a pipeline to this community is prohibitive. Moricetown is 34 kilometers west of Smithers and 
Hazelton is 73 kilometers west of Smithers. 
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- Spectra Energy • PNG Compressor Stations 
Figure 7- PNG System Map (PNG) 
Energy Sources in the communities 
There are four main existing energy sources considered including electricity, propane, 
wood, and heating oil. It is interesting to note that the 2009 propane energy use reported by BC 
emissions as 19,085 GJ's (Table 2). Records from PNG indicate the total propane delivered to 
the community was 12,429 GJ's. For the purpose of this study the lower number of 12,429 GJ's 
is considered to be accurate as there is supporting PNG documentation available. 
Commodity Residential Commercial Total GJ's 
(GJ's) (GJ's) 
Electricity 15,852 17,637 33,489 
Propane 13,328 5,757 19,085 
Wood 16,472 0 16,472 
Heating Oil 2,220 0 2,220 
Grand Totals 47,872 23,394 71,266 
Table 2: Granisle Community Energy Consumption. Data Collected from BC Emissions in perspective, 2009 
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Data research for the communities of New Hazelton and Moricetown included outlying 
areas so for the purpose of this study estimates for the village proper are utilized and compiled in 
table 3. 
Commodity Residential (GJ's) Commercial (GJ's) Total GJ's 
Electricity 46,700 42,900 89,600 
Propane 8900 4000 12,900 
Wood 23,300 Unknown 23,300 
Heating Oil 2080 Unknown 2080 
Grand Totals 80,980 46,900 127,880 
Table 3- New Hazelton and Moricetown Community Energy Consumption, PNG Internal Source 
Environmental Considerations - Air 
Natural gas is the cleanest-burning hydrocarbon with a wide variety of uses in our homes, 
businesses, industry and communities. Canada, with less than one per cent of the world's 
population, produces two per cent of global greenhouse gas (GHG) emissions. Natural gas can be 
used in a variety of ways to help reduce Canada's GHG emissions, including residential home 
heating, transportation and electricity generation. The British Columbia liberal government is 
deeming natural gas a "clean" source of energy to clear the way for the development of a 
liquefied natural gas extraction project in northern British Columbia, reversing a key 
environmental policy of the Gordon Campbell era. In a speech to a business audience on 
Thursday June 21 5\ 2012, Premier Christy Clark said natural gas will be classified as a clean fuel 
when used to power liquefied natural gas extraction plants in northern British Columbia. (CBC, 
2012) 
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The cleanest-burning of the fossil fuels, natural gas still results in the release of C02 
when burned. (Table 4 and Figure 8) It is important to note that environmental impact in this 
report considers transmission and distribution to the end user and does not take into 
consideration emissions generated during natural gas extraction and processing. 
Emissions Emissions 
Fuel 
in kgC02/kwh in kgC02/GJ 
Wood *) 0.39 109.6 
Peat 0.38 106.0 
Li~nite 0.36 101.2 
Hard coal 0.34 94.6 
Fuel oil 0.28 77.4 
Diesel 0.27 74.1 
Crude oil 0.26 73.3 
Kerosene 0.26 71.5 
Gasoline 0.25 69.3 
Refme!! gas 0.24 66.7 
Liguid ~troleum ~as 0.23 63.1 
1~ aturai ~as 0.2 56.1 
*)Not sustainable without reforestation 
Table 4 - C02 Emissions Comparison (Quaschning, 2003) 
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Specific carbon dioxide emissions 
of various fuels 
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Liquid petro leum gas 
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Emissions in KgC02/GJ 
Figure 8 - C02 Emissions Comparison Chart (Quaschning, 2003) 
Electricity generated by natural gas has 50 per cent fewer GHG emissions than coal-
generated electricity. Canada generates approximately 8,900 megawatts (MW) of electricity 
from coal-fired plants. For every 1,000 MW of coal fired power generation converted to natural 
gas power generation, annual C02 emissions are reduced by 5.1 million tonnes or about one per 
cent of Canada's total (CAPP, 2012). 
In the transportation sector heavy mobile equipment running on natural gas reduce GHG 
emissions by an estimated 15 to 30 per cent compared to diesel trucks and buses. For example, 
compared to a diesel truck, a truck equipped to operate on liquid natural gas provides up to a 26 
per cent reduction in carbon emissions over the life of the vehicle. For a truck that travels 
200,000 kilometres per year, this represents an estimated 70-tonne annual carbon benefit. Other 
benefits of using natural gas to power heavy mobile equipment will be discussed later in this 
study. 
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Environmental Considerations- Water 
The natural gas industry is committed to using water responsibly and to protecting water 
resources. Freshwater is an important resource. Government and industry are working together 
to ensure it is used in a responsible manner. Provincial governments regulate how much water 
can be diverted from freshwater sources for use by both citizens and industry. For example, in 
2009 alone 14.7 billion m3 of surface water was collected for use in British Columbia, excluding 
hydro power. Of this volume, 0.6 per cent, or 86.5 million m3, was allocated to the oil and 
natural gas industry. Industry's actual use was estimated to be less than five per cent of the 
authorized volume (CAPP). 
Within the PNG service area the natural gas producers are continuously decreasing 
freshwater use in their operations by switching to alternatives where possible. In September 
2012, Shell Canada and the City of Dawson Creek opened the Dawson Creek Reclaimed Water 
Project. The facility, with a capacity of 4,000 cubic metres per day, treats municipal waste water 
for use in Shell's Groundbirch natural gas venture and the City of Dawson Creek's municipal 
operations. Shell will pipe its share of the water from the plant to its natural gas operations about 
48 kilometres west of Dawson Creek where the company operates the Groundbirch gas field. 
This innovation will virtually eliminate Shell's need to draw on local freshwater sources for their 
Groundbirch operations. By doing so, Shell not only reduces its reliance on freshwater but will 
also remove three million kilometres a year in truck traffic from local roads. 
Environmental Considerations - Land 
PNG is committed to minimizing its footprint, reclaiming all land affected by operations 
and maintaining biodiversity. Reclamation planning starts at the beginning of the project and 
physical reclamation proceeds when PNG has installed underground pipe lines or when plant has 
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been removed. To minimize impact, PNG strives to avoid sensitive habitat, use minimal width 
right of ways, and always employ low impact pipeline methods. 
Potential Natural Gas Users 
Since PNG acquired the Granisle assets in 1997 there has been a consistent rise in the 
cost of delivered propane making the use of alternatives such as electricity and wood a preferred 
option for home and hot water heating. Table 5 provides comparisons between NG and Propane 
from 1999 through to November 2012. 
The data in table 6 shows the total GJ' s of propane consumed by Granisle from 1999 
through to 2012. Then the graph in figure 9 compares the total number ofGJ's to the rise in 
propane cost, and also the drop in the cost of natural gas. 
Pacific Northern Gas 
Average Cost of Propane vs Average Cost of Natural Gas ($/GJ) 
Year Granisle PNG West 
Propane Natural Gas 
1999 $7.475 $3 .157 
2000 $10.379 $5 .399 
2001 $11.918 $6.242 
2002 $8.373 $4.255 
2003 $11.297 $6.726 
2004 $12.883 $6.716 
2005 $13.464 $8.771 
2006 $13.805 $8.1 33 
2007 $16.274 $7.879 
2008 $18.992 $7.857 
2009 $14.972 $2.933 
2010 $16.484 $2.953 
2011 $20.728 $2.922 
Nov YTD 2012 $18.106 $2.323 
Table 5- Average Cost of Propane vs. Average Cost of Natural Gas ($/GJ). PNG Internal Source 
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In 1999 when propane was at a cost of $7.48 PNG had a customer base that consumed 
near 20,000 GJ's. The chart in figure 9 indicates that at a price of$15/GJ the consumption for 
the community would be about 15,000 GJ's/year. 
As of December 2012 the ali-in electricity cost is 10.19 cents per kwh, equivalent of 
$16.18 per GJ, and rates are increasing effective January 1st 2013 by 3.19% (Hydro, 2012). 
Taking into consideration the increasing cost of electricity, the cost of home heating oil, and if 
the cost of natural gas could be delivered at an ali-in rate less than the $16.18 per GJ for tier two 
electricity rates, $18.11 per GJ for propane, and over $30 per GJ for oil, then natural gas would 
become the lower cost energy alternative. As a low cost provider PNG could potentially regain 
the lost customers and increase the customer load of existing consumers. A total of 190 Granisle 
customers will be considered for financial calculations. 
Small 
DATA Customer Residential Commercial 
YEAR Count (Res) (SC) Res GJ Total SC GJ Total Total GJ's 
1999 183 171 12 13,590.33 6,038.47 19,628.79 
2000 186 171 15 11 ,679.62 6,159.38 17,839.00 
2001 182 165 17 10,200.82 7,091.81 17,292.63 
2002 190 172 18 10,104.84 7,785.92 17,890.76 
2003 189 172 17 8,977.11 6,496.80 15,473 .91 
2004 177 160 17 8,416.18 5,453.99 13,870.17 
2005 173 156 17 7,937.34 6,154.79 14,092.13 
2006 174 158 16 7,199.45 6,506.63 13,706.08 
2007 176 160 16 7,210.14 6,831.61 14,041.75 
2008 180 i 164 16 7,481 .50 6,822.16 14,303.66 2009 169 153 16 6,269.27 6,603 .37 12,872.64 
2010 164 148 16 5,244.78 4,946.73 10,191.51 
2011 162 145 17 5215 .35 4201.02 9,416.37 
2012 160 142 18 3779.65 2938.75 6,718.39 
Table 6- Granisle Propane Consumption in GJ's. PNG Internal Source 
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Figure 9- Propane and Natural Gas Cost, and Propane "Consumption in GJ's, PNG Internal Source 
Baseline Operation Assumptions 
For the purposes of designing the mother station, transportation, and de-canting stations, 
the natural gas load is profiled in the following table 7. 
Community Annual Avg daily Peak demand 
GJ/yr GJ/day GJ/day 
Granisle 19600 50 85 
Moricetown 7500 25 45 
New Hazelton 20000 70 120 
Totals 47100 145 250 
Table 7- Community Load Profile, PNG Internal Source 
The data in the community load profile is calculated based on the following assumptions: 
• Granisle will retain the existing customers and regain lost customers 
• Moricetown and New Hazelton will obtain 60% of the residential and commercial 
buildings as new customers for natural gas service 
• Granisle and the Hazelton customers will consume natural gas at a rate equal to the 
average use per customer (table 8) currently consuming natural gas in the PNG West 
service areas from Vanderhoof, British Columbia through to Prince Rupert and Kitimat. 
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Service Service 
AVGAnnual 
Company 
Type Class 
Service Class Description Consumption 
GJ's/Customer 
PNGWEST GAS RE Residential 58.0 
PNGWEST GAS sc Small Commercial 291.5 
PNGWEST PROP RE Residential 31.2 
PNGWEST PROP sc Small Commercial 295.6 
Fort StJohn GAS RE Residential 86.0 
Fort StJohn GAS sc Small Commercial 412.2 
Dawson Creek GAS RE Residential 78.1 
Dawson Creek GAS sc Small Commercial 438.3 
Tumbler Ridge GAS RE Residential 62.9 
Tumbler Ridge GAS sc Small Commercial 401 .7 
Table 8- Average Natural Gas Consumption for 2012. PNG Internal Source 
A capital and operating budget will be generated based on the delivery of fuel to meet the 
consumption of the community to estimate a base line delivered fuel cost. The following 
assumptions are made that impact both process and installation design. 
• Total annual fuel requirement is 47,100 GJ's 
• The community of customers must have a continuous and un-interrupted fuel supply 
delivered to the site 
• The distance from the mother station to the communities are as follows: 
o Granisle 142 km 
o Moricetown 34 km 
o New Hazelton 73 km 
• The mother station capacity is designed and optimized for the needs of the three 
communities combined 
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• The mother station has 100% redundant compression capacity such that with the loss of 
one compressor due to malfunction or maintenance interval the station remains in service 
and is capable of meeting the full demand 
• Only one compressor operates at any one time to minimize demand charges 
• The station is designed for unattended operation with detailed inspections twice a week 
and service as required 
• The transport operators will be trained to execute filling operations, safety procedures 
and emergency response 
• Two trailer loading positions will be provided at both the mother station and de-canting 
stations so that there can be seamless transitions and variability of arrival and departure 
times 
• The operator will deliver a full trailer and connect it to the decanting system at the 
customer site. The newly delivered trailer will be unhitched and the operator will 
transport the empty trailer back to the mother station for fueling. In this way, the 
operator will have minimum idle time at the de-canting station 
• At the mother station the empty trailer will be positioned for filling and connected to the 
fill post. After connection the operator is not needed for a determined number of hours 
while the trailer is being filled and may proceed with other work or go off shift as the 
schedule dictates. Domicile type transport operations are assumed allowing the operator 
to be employed for other operations independent from gas transport which may or may 
not be realized on this particular project. The assumed operations scenario provides for 
60 minutes of additional time to allow for traffic interruptions, vehicle breakdowns or 
other deviations during the process of delivery 
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• When the trailer is full at the mother station, it may sit idle for a time before pick-up by 
the operator. The operator is assumed to have good timing for load pickup in order to 
reach the customer site in time before the incumbent trailer is depleted 
• Both the mother station and decanting station controls will have dial-out capability to 
provide advanced notice to operators for the purpose of transport scheduling 
• Average travel speed for road transport is 80 kmlhr 
Mother and Daughter Stations Specifications and Cost 
The equipment package outlined below (Table 9) includes the basic CNG system for 
filling trailers at a compression site located in Telkwa, British Columbia as well as the equipment 
for de-canting trailers at 3 satellite sites, one in each community of Granisle, Hazelton, and 
Moricetown. Because one of the satellite sites is considerably higher flow than the others it will 
require two of the de-canting system components, items number 9 and 10 as shown in table 9. 
In addition to the equipment package listed each site will require design work, 
engineering, civil and construction works, installation of the equipment and regulatory approvals 
prior to commissioning of the CNG systems. Site development costs are estimated at 30% of the 
equipment costs. 
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Compression & De-canting Package 
Item Description Quantity 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Twin IMW50 Compressor 
Twin MCC Panel 
Inlet Kit 
Gas Dryer 
Enclosure for dryer 
Priority Panel 
Trailer Filling Post 
De-canting Post 
Enclosed PRS 1250 scfm 
Enclosed HCM 1250 scfm 
Commissioning I Startup 
Manuals & Training 
Package Cost = $1,598,000 
Installation Cost= $479,400 
Package 
Twin 75hp with soft starts 
Package 
Single Tower, Self Generating 
Gas Detector, Vent Fan, Heater 
Trailerfilling, 3/4" 
No Meter, Cold Weather Package 
Cold Weather Package (CWP) 
Duel Train, CWP 
For Gas Reheating 
Technician on site 
Standard documentation 
Total Cost Materials, Installation, and Comissioning = $2,0n,400 
Table 9- Compression and De-canting Package Cost. Data from IMW Industries, Jan 2013 
Transportation Specifications & Cost 
1 
1 
1 
1 
1 
1 
2 
6 
4 
4 
1 
1 
A new twelve tube trailer for the transportation of CNG certified to UN/TCIUS DOT 
codes for transportation of natural gas will be utilized with a trailer capacity of 240,000 scf of 
natural gas at 2538 psi and 70 degrees Fahrenheit. Based on supplier' s estimates, the cost for 
three units of mobile storage transport trailers is $325,000 per unit or $1 ,625,000 for the fleet of 
five trailers required. 
New Distribution System (Moricetown & Hazelton's) Specifications & Cost 
Gas flowing through a transmission pipeline from higher to lower pressure is the 
fundamental principle of the PNG natural gas delivery system. PNG moves large amounts of 
natural gas hundreds of kilometers through the transmission pipeline to local distribution systems 
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serving individual communities. The pressure of gas in each section of pipe line typically 
ranges from I ,414 psi down to as low as a quarter psi . As a safety measure, PNG pipelines arc 
designed and constructed to handl e much more pressure than is ever actua ll y reached in the 
system. 
When the natural gas in a transmission pipeline reaches a community, it normally passes 
through a gate station that serves three purposes . First, they reduce the pressure in the line from 
transmission levels (200 to I ,414 psi) to distribution levels, which range from 1/t psi to 200 psi . 
In many cases, the gate station measures the flow rate of the gas to determine the amount being 
received by the communi ty as a who le. ln the design of the distribution systems for Granisle the 
gate station is replaced with de-canting stations that wi ll be fed with CNG tube trailers as 
opposed to transmission pipe lines. From the de-canting stations, natural gas moves into 
distribution pipe lines or "mains" that range from I I /4 inches to 6 inches in diameter. Generally 
speaking, the closer natural gas gets to a customer, the smaller the pipe diameter is and the lower 
the pressure is. The di stribution mains arc interconnected in multiple grid patterns throughout a 
community with strategically located shut-off valves, so the utility can perform maintenance of 
its lines without ever shutting off a customer. All of the pipelines are buried underground to 
specifications as per the CSA Z662 code. 
Natural gas then runs from the main into a home or business in what's called a service 
line. This service line will be a small-diameter plastic line an inch or less in diameter, with gas 
flowing at a pressure range of over 60 psi to as low as ~ psi. The natural gas will pass through a 
gas meter, and once on the downstream side of the meter it becomes property of the customer 
who is responsible for its upkeep. 
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When the gas reaches a customer's meter, it passes through another regulator to reduce its 
pressure to under lf4 psi, if this is necessary. This is the normal pressure for natural gas within a 
household piping system, and is less than the pressure created by a child blowing bubbles 
through a straw in a glass of milk. When a gas furnace or stove is turned on, the gas pressure is 
slightly higher than the air pressure, so the gas flows out of the burner and ignites in a familiar 
clean blue flame . The following table's number I 0 and II provide a cost break down for 
Granisle distribution system conversion and new distribution systems for Moricctown and 
Hazelton . 
DATE Jan 20,2013 
Services (Based on contractor rates) 
Fittings and ri sers 
Meters and regulators 
Customer Appliance conversions 
Surveying 
Reg. station (total of 1) 
Inspection & Testing 
Staking 
Replace Dresser Couplings 
Contingency (@ 10%) 
Total Conversion Project Cost 
40 
40 
190 
190 
Granisle Conversion Cost 
@ $1 ,315.81 
@ $35.00 
@ $97.35 
@ $1 ,650.00 
$52,632.40 
$1 ,400.00 
$ 18,496.50 
$313 ,500.00 
$20,000.00 
Included with Decanting 
$50,000.00 
$25,000.00 
$75,000.00 
$55,602.89 
$611,631.79 
Table 10- Distribution System Conversion (Granisle) Specifications and Cost. PNG Internal Source 
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Moricetown , & Hazelton's Project Cost Fstimate 
DATE Dec-12 
Pipe (Fittings and materials included in cost of pipe) 
I 1/4 PE 19,450 m 
2 PE 21,200 m 
3 PE 2,850 m 
4 PE 5,500 m 
6 PE 10,000 m 
Installation (Based on 2012 cont ractor rates) 
I 1/4 PE 19,450 m 
2 PE 21 ,200 m 
3 PE 2,850 m 
4 PE 5,500 m 
6 PE 10,000 m 
Services (Based on contractor rates) 
577 
Fittings and risers 
577 
Meters and regulators (including Gran isle) 
577 
Surveying 
Reg. station (total of 3) 
Inspection 
Staking 
Addit ional expenses: 
Contingency (@I 0%) 
Total Project Cost 
@ $ 1.79 /m 
@ $3.04 /m 
@ $5.96 /m 
@ $12 .52 /m 
@ $25.88 /m 
Pipe Total 
@ $24 .25 /m 
@ $24.25 /m 
@ $25.29 /m 
@ $30.63 /m 
@ $35 .03 /m 
Installation Total 
@ $1,3 15.81 
@ $35 .00 
@ $97 .35 
$34,815.50 
$64,448.00 
$16,986.00 
$68,860.00 
$258,800.00 
$443,909.50 
$471,662.50 
$5 14, 100.00 
$72,076.50 
$168,465 .00 
$350,300.00 
$1,576,604.00 
$759,222 .37 
$20, 195.00 
$56,170.95 
$75,000.00 
Included with Decanting 
$50,000.00 
$25 ,000.00 
$150,000.00 
$315,610.18 
$3,471,712.00 
Table 1 I -New Distribution System (Moricetown & Hazelton) Specifications and Cost. PNG Internal Source 
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Chapter 4 
Project Capital Cost 
The total estimated capital cost is estimated to be $7,785,744.00. A breakdown of the 
capital cost is provided in table 12 below. 
Total Capital Cost 
Compression & De-canting (Mother & Daughter Stations) $2,077,400.00 
CNG Transportation Trailers $1 ,625,000.00 
Distribution Systems (Hazelton and Moricetown) $3 ,471 ,712.00 
Distribution System Conversion (Propane to Natural Gas) $611 ,632.00 
Total Caoital Cost $7.785.744.00 
Table 12 -Total Project Capital Cost 
Operations and Maintenance Cost 
Operations costs for the mother station and decanting stations are comprised of 
• Natural gas consumption 
• Electrical energy consumption 
• Maintenance and service 
A small amount of the natural gas delivered is consumed for heating at the de-canting 
station and for the purpose of this study a fuel gas cost of$3.00 per GJ is assumed (average cost 
provided by PNG.) This is intended to represent the cost of the commodity and excludes the 
delivery charges for receiving natural gas from the transmission facilities located in Telkwa, 
British Columbia. 
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This study assumes the selection of electrically driven compressors rather than gas 
driven, so no gas is consumed by the compression process. For the mother and de-canting 
stations, the operating costs consist of electric power and fuel gas consumption. The estimated 
electrical energy cost is $1200 per month or $14,400 per year divided by the annual fuel 
requirement of 47,100 GJ's = $0.31/GJ for compression and de-canting requirements. 
The de-canting station maintenance routines can be completed by the tractor operator and 
is included in the delivered fuel cost in the next section of this paper. The Mother station 
maintenance checks will added to the existing compressor station routines without any additional 
labour requirements. The annual maintenance routines will be conducted by the existing 
compressor station operators, again with no additional labour requirements. The total annual 
maintenance cost is estimated at $20,000 per month or $240,000 divided by the annual fuel 
requirement of 47,100 GJ's = $0.42/GJ. 
Trucking Cost 
Trucking is a significant component of operational cost of CNG delivery with a per 
kilometer rate including the following: 
1) Labour 
2) Administration 
3) Operator profit margin 
4) Maintenance 
a. Tractor 
b. Trailers 
c. De-canting stations 
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5) Fuel 
Between the three communities during peak demand from December through February 
there would be a total of 1304 kilometers per week of travel required. During the remaining 
months this would be less than half or about 650 kilometers per week. The annual estimate is 
42,000 kilometers at a cost of $3 .60 per kilometer for a total annual cost of $151,200. The 
annual cost of $152,200 includes maintenance of the tractors and the de-canting stations. With 
the annual fuel requirement of 47,100 GJ's the trucking cost is $3.21/GJ. 
Capital Cost Recovery 
Most firms employ several types of capital known as capital components and in some 
cases a company will finance an entire project with common equity alone. However, most 
companies will use a combination of capital components including common stock, preferred 
stock and debt. All capital components have one feature in common; the investors who provided 
the funds expect to receive a return on their investment. (Brigham, 2011) 
To account for the cost of capital a cost recovery model is used to calculate a present 
value of capital funds paid over a defined number of annuities and interest rate. PNG finance 
department provided the number of annuities used and the interest rate which are 20 years and 
6% respectively. On this basis an annual cost of capital is estimated and amortized by the 
number of gigajoules of fueled delivered. The results are shown below. 
Total Capital required= $7,785,744 
Annuities = 20 
Interest rate = 6% 
Annual Payment= $391,744.37 
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Annual capital cost= $391,744.37/47,100 GJ's = $8.32/GJ 
Total Delivered Fuel Cost 
The following (Table 13) represents the total all-in cost of natural gas delivered to the 
three communities of Granisle, Moricetown and Hazelton. The total includes a PNG delivery 
charge of$11.76 per GJ for PNG West residential customers effective January 15\ 2013 as 
approved by the British Columbia Utilities Commission. 
Item Cost I GJ 
Comodity (NG) $3.00 
Energy (gas and electric) $0.31 
Maintenance $0.42 
Trucking $3.24 
Capital $8.32 
Delivery Charge $11.76 
Total $27.05 
Table 13 -Total Project Cost 
Impact on project feasibility with addition of a large industrial customer 
The total project cost is based on dollars per GJ and the total natural gas load of the three 
communities combined is 4 7, 100 GJ' s. When considering the unit cost of energy (gas and 
electric), maintenance, trucking, and capital, they are all affected with an increase in the 
customer load. A large industrial customer would change the cost structure significantly. 
A potential large industrial customer could be Pacific Booker Minerals (PBM) who is 
currently in the advanced stage of development of the Morrison porphyry copper, gold, 
molybdenum deposit. PBM has completed a Feasibility Study and 43-101 compliant Technical 
Report and is proposing an open-pit mining and milling operation for the production of copper, 
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gold, and molybdenum concentrate from the Morrison deposit. It is located within 29 km of two 
former producing copper mines, Bell and Granisle. (Minerals, 2013) The mine is expected to 
have a 21 year life. 
The PBM mine project and associated heavy haul trucks could require 300,000 GJ's per 
year. (PNG Internal Source) The increased load would require an additional 7 CNG tube trailers 
to transport the natural gas from the mother station through to the de-canting station. In this 
scenario the most economical location for the mother station would be the PNG compressor 
station in Bums Lake thereby reducing the required travel distance from 142 kilometers one way 
to 98.5 kilometers one way. With trucking cost of $3 .60 per kilometer and considering four 
return trips per day, a savings of$457,272 per year would be realized. 
The Moricetown and Hazelton's cost of natural gas service would be negatively affected 
by locating the mother station in Bums Lake. The return trip travel distance from Bums Lake to 
Moricetown and Hazelton's would be 354 kilometers and 422 kilometers respectively. Due to 
the $6.35 per GJ cost of constructing a distribution system, $13.44 per GJ associated with the 
increased travel distance from the mother station, and the projected annual load of only 27,500 
GJ's, the two communities would not be included as part of the project. The result ofGranisle 
including a mining operation is summarized below; 
• Total Capital required= $6,589,032 ($7,785,744 original capital estimate+ 
$2,275,000 for 7 additional CNG tube trailers- $3,471,712 for removing 
Moricetown and Hazelton) 
• Annuities = 20 
• Interest rate = 6% 
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• Annual Payment= $331,531.09 
• Annual capital cost = $331,531 ,.09/319600GJ's = $1.04/GJ 
Total project cost (Table 14) has been modified from the version in table 13 to reflect the new 
total load of 319,600 GJ' s to service the town of Granisle and a new mining operation near the 
community. The total includes a PNG delivery charge of $3.63 per GJ for small industrial 
customers effective January 18\ 2013 as approved by the British Columbia Utilities Commission. 
For the purpose of this study it is assumed the delivery charge for residential customers will be 
similar to delivery rates of the Dawson Creek area which is near equal to the delivery charge for 
the small industrial delivery rate. 
Item Cost/ GJ 
Comodity (NG) $3.00 
Energy (gas and electric) $0.31 
Maintenance $0.42 
Trucking $3.24 
Capital $1.04 
Del ivery Charge $3.63 
Total $11.64 
Table 14- Total Project Cost with Large Industrial Customer 
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Chapter 5 
Summary and Conclusions 
The feasibility study considers the supply of natural gas to the off-grid communities of 
Granisle, Moricetown, and Hazelton. For the purpose of the study average total annual 
consumption by the three communities combined is given as 47,100 GJ. The maximum travel 
distance is from Telkwa to Granisle, a total of 284 km round trip. The study represents a model 
in that gas is delivered by road transport from a single source to three off-loading locations 
where distribution systems deliver the fuel to a number of residential and commercial users. 
The user communities required compression capacity with 100% redundancy or two units 
of75 horse power (HP) compressors and a pressure reduction system sized for peak flows of250 
GJ/day. Five units of transport trailers with a capacity of 240,000 scf are required and include 
one unit loading, one unit in each of the three communities that will be offloading, and one unit 
in transit. 
Total estimated capital investment for the project including mother station, mobile 
transport trailers, de-canting facilities and community gas distribution pipeline is estimated to be 
$7,785,744. Natural gas and electricity requirements are available at the compression site in 
Telkwa, and PNG has sufficient real-estate to build the mother station as well as maneuver 
tractors and trailers in and around the fenced compound. 
For the purpose of the study, capital costs were unitized to net present value using a 
capital recovery factor based on 20 annuities and 6% cost of money. The maintenance cost 
figures were derived based on a combination of rule of thumb and experience gathered from 
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PNG internal operations over several years. The all in cost of fuel delivered to the specified 
community of customers, including commodity, operational energy, maintenance, trucking, 
amortized capital costs, and PNG delivery charge is estimated to be $27.05 per GJ. This assumes 
an average cost for fuel gas delivered to the mother station at $3 .00 per GJ, which is intended to 
represent the cost of the commodity. 
The study indicates weak economic viability in comparison to the delivery and 
consumption of conventional fuels which have a price of$ 18.11 for propane, $25.52 fuel oils 
and $16.70 for electricity. The economies for natural gas as a primary energy source have not 
been realized as there are no large industrial customers in any of the three communities that 
would increase load volumes. The weak economies are mainly due to the required capital 
investment for the mother and de-canting station, and significant cost of the construction of local 
pipeline distribution systems. Additional customers connecting to the community distribution 
system would further increase the economic viability of the project by increased capital 
utilization and reducing per unit operations costs. 
Ultimately PNG would have to charge customers an all-in rate of $27.05 per GJ. If 
customers accepted the rate and continued service PNG would generate an income of$539,766 
per year, which is the delivery charge of$11.76 per GJ times the total annual load of 47,100 
GJ's. In this scenario a cost of$7,785,744 generating earnings of$539,766 per year would 
provide an internal rate of return (IRR) of3.34%. Even though the IRR is positive and suggests 
the project should proceed, it is highly unlikely customers will accepted a natural gas rate greater 
than the cost of electricity, oil or propane, and based on this the project should not proceed. 
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In the event the proposed Pacific Booker Mine project proceeds PNG could deliver an 
estimated 319,600 GJ's per year to Granisle and the proposed mine project. The total capital 
cost is estimated at $6,589,032 and PNG's cost, including the delivery charge would be $11.64 
per GJ. In this scenario PNG would generate earnings of$1 ,160,148 per year. Simple payback 
is equal to $6,589,032 divided by $1 ,160,148 per year for a return on investment of5.68 years. 
The calculated IRR equals a very attractive 16.82% indicating the project should definitely 
proceed in this instance. 
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